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NASA TT F-11,855

APPLICATION OF MICROWAVE SPECTROMETRY FOR THE DETERMINATION
OF ETHYL AND 1SOPROPYL ALCOHOL IMPURITIES IN GASOLINE

A. N. Aleksandrov and G. |. Tysovskiy

ABSTRACT. A wide-band microwave spectrometer designed by
the authors for analytical purposes is described and a
guantitative method for determining ethyl and isopropy!
alcohol impurities in gasoline is developed. The spectro-
meter described herein incorporates UHF tubes with crossed
fields as the emission source and permits measurement of
relative intensities in the 7,000 MHz band and higher. This
apparatus can be used for the quantitative and qualitative
analysis of multicomponent organic mixtures and has advan-
tages over methods such as {R-spectroscopy and chromato-
graphy. The analytical results are summarized in tables for
ethyl and isopropyl alcohol in gasoline.

Microwave spectroscopy has a high resolution capability and is much more
effective than infrared spectroscopy. However, microwave spectroscopy has not
found general application in analytical chemistry. The principal reason for
this is the fact that it is impossible to measure the relative intensities of
spectral bands in a wide frequency range on the existing microwave spectro-
scopes. The authors of this work have designed and constructed a wide band
microwave spectrometer which makes it possible to measure relative intensities
in the 7,000-Miz range and higher. This is accomplished by using UHF tubes with
crossed fields(traveling-wave tubes, backward-wave tubes, etc.) as the source of
emission. This apparatus permits the qualitative and quantitative analysis of
multicomponent mixtures.

This article treats the gquantitative analysi
organic compounds.

tn

of a mixture of cert
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used a tuvc with crossed fields and constant scanning without mechanical
retuning in a wide frequency range (7,000 MHz). We used a H-shaped wave guide
with a coaxial rectifier as the rectifier stage. This eliminated the need to
use frequency-dependent fine-tuning clements in the waveguide channel of the
apparatus. For the purpose of stabilizing the UHF-field in the region of the
rectifier, we used negative feedback for the direct component of the rectifier
current with a relative accuracy of *2%. The absorption cell, an ordinary

Apparatus. As the source of emission in our microwave spectromcter, we

' Numbers in the margin indicate pagination in the foreign text.
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cell with an internal electrode, was placed in a thermostat. The Stark
modulation frequency was 75 KHz. The absorption bands were recorded by an
EPP-09 electron potecntiometer connected to the output of the synchronous
rectifier. The operating pressure in the cell was 1-10 ! mm Hg.

Procedure for quantitative analysis. An internal standard is made for all
samples and references. The spectra of the references are preliminarily photo-
graphed for the construction of a calculated graph. The partial pressure of the
internal standard in the absorption cell is maintained constant throughout the
absorption band. For the purpose of eliminating variations in the concentra-
tions of the components in the liquid and gas phases, the sample was injected
from an inlet space in which the liquid sample was completely vaporized. The
effect of absorption on the walls of the cell was eliminated by maintaining a
constant flow.

The measurement error consisted of the error related to the maintaining of
the UHF-field voltage in the rectifier region and the error of the recording
instrument. For the measurements of four absorption bands this error amounted
to *10%.

Theory of quantitative analysis. According to Esbit and Vil'son [1] the
alternating component of the rectifier current is

[ 2= — - Ogl n‘- n{
0= agfn l(erCEE >9n1n, ()

n=:1

where Zeff is the effective length of the cell, @ is the absorption coefficient
of the gas, CC is the conversion coefficient of the rectifier, E is the voltage
of the electrical field in the rectifier region, and w is the frequency

of modulation.

The relative intensity of the two bands of the various components of the
mixture is

M8
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In using the method of quantitative analysis which incorporates the use of
an internal standard in all reference and analyzed samples and the selection of
one analytic band for each component of the mixture, we may use the equality
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under the condition

i9f1==(:§f]) and éﬁt:(éi) . (4)
ef. st * ef.st - re

Condition (4) may be satisfied if there are no variations in the high-frequency
channel of the apparatus in its entire frequency range during the analysis.
Condition (4) is satisfied and formula (3) is valid for the determination of
relative intensities when performing analyses on the apparatus designed by the
authors, which does not have fine-tuning elements. Let us consider the ratio
al/ast' According to the theory of microwave spectroscopy [2], the absorption

coefficient of a gas is

8nn - V2
- JIPe=,
“ 3ckT ( ' l ) Av (5)

where n is the number of molecules, ¢ is the velocity of light, k is the Boltz-
mann constant, (J|P[J') is the matrix element of the dipole moment, » is the
frequency of the absorption band, and A is a half-width of the band.

The values of (J|P|J') and v are determined by the properties of the
molecule and by quantum transition, and are independent of the concentration of
the substance in the mixture. The value of T must be maintained constant during
the analyses. Thus formula (5) may be written as

n

According to theory, a half-width & of a band depends on the partial
pressures of the components in the mixture and on'the parameters of the colli-
sions of the molecules, i.e.,

(7)

A\'1 o n;Bu |- ”:Blg e ntmu

where n, and n, are the numbers of the molecules of components 1,2,..., in the

mixtures; 611 is the contribution to the width of the band by the collisions of

the molecules of component 1 with each other; 612 is the contribution to the

width of the band by the collisions of the molecules of component 1 with those
of component 2.



Considering that energy is not transmitted from one molecule to another

during a collision, the values of ﬁll’ 312, etc. may be represcnted in the form

ﬁll = Bl-ﬁl, ﬁlz = 61-32, ..., whereupon the values of Bl, ] must depend

2)
only on the parameters of the corresponding component of the mixture. Formula
(6) for the analyzed substance and for the internal standard will then acquire
the form

a ddl

17 M Bi by - mBy - B8,
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n
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st
and we have the relation o
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By substituting formula (8) into expression {3) we obtain:

et () ©)

re

Since n = pC, where p is the prcssurc of the sample in the absorption cell, and
C is the concentration of a component of the mixture, and assuming that the

concentration of the internal standard is constant in all samples (Cst = Cstre)’
we obtain

R_a(i o
Rre ‘St i /re re

The value of (ist/il)cre = K is determined during the analysis of the reference

sample and

Cc =Ko,
K‘st (10)

Thus the concentration of a given compenent of the mixture is proportional to
the relative intensity of the bands of this component and of the internal
standard, and is independent of the number of components in the mixture and of
the pressure in the absorption cell under the following conditions: 1) there are
no variations in the high-frequency chamnel of the microwave spectrometer
throughout the entire frequency range; 2) the voltage of the UHF-field is
constant in the rectifier region; 3) the temperature of the absorption cell is
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constant, These conditions are insured by the spectrometer under consideration.

Determination of the concentration of C7HEOH and lso-C,H,OH in Gasoline.
Lo 2 o

7
For the purpose of testing the possibilities of conducting quantitative analysis
of a multicomponent mixture on the microwave spectrometer, we determined the
amount of ethyl and isopropyl alcohol in a complex organic mixture (in the 80-
190-degree gasolinc fraction). The analysis of this mixture by other analytic

methods, including infrared spectroscopy and chromatography, is a difficult
task.

Quantitative analysis was conducted in accordance with procedures outlined /1535
earlier with the application of two references and with the introduction of an
internal standard in all samples. As the internal standard we uscd methyl
alcohol, which was added to the samples and references in the quantity of 10% by
volume (8 grams per milliliter).

For the analytic bands of ethyl and isopropyl alcohol, we chose the 26,510-
and 26,820-MHz bands, respectively. The 26,847-MHz band of methyl alcohol was
selected as the comparison band. The concentrations of ethyl and isopropyl

alcohol were determined by a calibrated graph constructed on the basis of refer-
ences with a known content of ethyl and isopropyl alcohol.

The results are listed in Table 1 (the average of two to five measure-
ments). The reproducibility of the individual measurements is shown in Table 2
for several samples. It follows from these tables that the concentrations of
ethyl and isopropyl alcohol in gasoline determined according to the relative
intensities of the bands of the microwave spectrum are in good agreement with
their actual concentrations.

Reproducibility is *10%.

TABLE 1. DETERMINATION OF C,HgOH AND
1S0-C3H,0H CONCENTRATIONS IN GASOLINE

CoH5OH, % Iso-C3H70H, %
Sample Used Found Difference| Used Found Difference
No.
] 1.0 0.81 0.19 10.0 9.5 0.5
2 3.0 0.2 1.0 Yo.0  40.0 1.0
3 5.0 5.4 0.4 30.0 27.2 2.8
b 8.0 8.3 0.3 20.0 18.5 1.5
5 10.0 9.8 0.2 25.0 25.5 0.5
Reference k.o 10.0
]
Reference  20.0 4o.0
2

The mean relative calculation error was ~10%.




TABLE 2. REPRODUCIBILITY OF MEASUREMENT RESULTS

| Measure- | Content, % by weight
Sample No. | Iso-C 3H,0H
Ng. = | ment No. C,HcO0H | tso-C3H;
3 1 5,6 0.2 256 -0
2 5,4 0 27.2 0
3 9,2 +0,2 28,6 —1,4
Average 5,4%0,2 | 271,2+1,0
5 1 8,1 +1,7 25,8 40,3
2 10,1 —0,3 25,2 -0,3
3 11,0 4l
Average 9,8+1,0 i 25,5+0,3

Conclusions

We have described a wide-band microwave spectrometer designed by the
authors for analytical purposes. We have developed a quantitative method for
determining the ethyl and isopropyl impurities in gasoline.
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